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Historically, water usage was in the order of 1 to 2 t of water per ton of ore mined. 
However, as mining advances to deep and ultra-deep levels the misuse of water has 
increased consumption to the order of 10 t of water per ROM ton of ore. Most mines 
acknowledge that water use is well above the volume of traditional usage and this is 
reflection of poor water control and discipline. Management, in an attempt to correct 
these poor practices, tends to investigate water management with a myopic view to 
solving the issues caused by the misuse of water in the stope environment.  
 
Although poor water management related to the employment of water within day-to-day 
mining practices is one of the causes of high water usage, other issues also drive the 
misuse of water within the stope environment. The environmental conditions within the 
stope also impact on chilled water consumption as chilled water is used to maintain stope 
temperatures at an acceptable working level. Although water management strategies 
form part of the solution, improvements in environmental conditions will also improve 
in-stope conditions. In addition, innovations in mine design and water collection are 
required and require adequate research.  
 
This paper discusses the sources of water in stopes; the water load generated through 
usage, and its impact in the crosscut. Water management strategies as applied in the 
South African narrow-reef environment are also discussed and recommendations made 
for improvements in managing water in the stope and crosscut environment. 
 
 
INTRODUCTION 
 
Water plays a critical role in underground stoping where it is used to allay dust, flush drill-holes, 
assist in the cleaning of stope panels, and a range of other applications. Chilled water is also important 
to maintain an acceptable working temperature, particularly at depth where it has a direct influence 
on the productivity of mineworkers. On the other hand, water’s availability and convenience 
contributes to hazards such as mudrushes, derailments, and other problems such as potential gold 
losses and high pumping costs. 
 
South African miners acknowledge that stope water management is generally fair to poor. Most mines 
also accept the fact that water use is well above the volume of traditional usage and this is generally a 
reflection of poor control and discipline over water usage. Furthermore, water wastage is often caused 
through the inappropriate use of water jets and water used to keep the face area cool. 
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Service water and backfill are the largest categories of water use in the stoping environment and 
therefore pose the greatest risk to workers. The impact of poor water management on safety and in 
particular on mudrushes is well known in the South African mining industry. Loading operations 
have been identified as a high-risk operation with remote control loading from rockpass chutes the 
norm. From 2000 to 2010, there were over a 100 deaths caused by mud and/or water, representing 
some 3% of all fatal accidents on South African gold mines (Rupprecht, 2010).  
 
The contribution of backfill to excessive water in the stope can be significant if the slurry density of the 
backfill is too low or water control is poor during flushing of backfill pipes. Poor quality backfill with 
excessive fines and water can lead to liquefaction after placement and cause serious mudrushes 
resulting from bag bursts. 
 
 
SOURCES OF AND DEMAND FOR WATER IN THE STOPE ENVIRONMENT 
 
Water fulfils a number of functions in the stoping environment. Water is used for dust suppression, to 
dilute noxious fumes, for support installations, cooling, rock transport, drill-hole flushing, and 
cleaning and sweeping operations. Because water is readily available in the stope, workers often 
forget that water is expensive and potentially dangerous if misused.   
 
In-Stope Water Use 
Service water describes all water used in stoping operations, which is used to suppress dust, flush 
drill-holes, or clean broken rock (Figure 1). Generally, water is supplied from surface via pipes and 
pipe columns (normally 100 mm) on each working level transport water from the shaft station to the 
stope crosscut or development end. From the stope crosscut water is fed into the stope reticulation 
system via the centre gully raise, and branched from these main feed columns at the strike gully to 
feed a stope working face or panel. Ideally, water services are fed within 25 m of the stope face where 
manifolds distribute water to various points and pieces of equipment in the stope panel via a hose 
network. 
 
 
 
Figure 1. Waterjet-assisted cleaning. 
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Backfill 
Backfill is used as a means of permanent stope support and is a water/slurry mix with a relative 
density of 1.6 to 1.9 t/m3. Typical backfill used in South Africa mines will have a porosity of about 
42%, i.e. 42% of the slurry mix is made up of air and water. Typically, a mine would displace some 40 
m3 of water to fill a 150 m3 backfill bag. This equates to 0.06 t of water per ton of rock mined.  
 
However, this value doesn’t include water that enters the stope before and after backfill is placed, i.e. 
the water used to flush the backfill pipe column. Flushing water is necessary to ensure backfill pipes 
remain clear of sediments that could block the column. Observations of backfill systems indicate that 
water flushing continues for too long and that flushing water, instead of being diverted into the 
crosscut drain for immediate pumping to surface, is allowed to enter the stope and is discharged at the 
point of use, adding to the in-stope water management problem. Thus, backfill’s total contribution to 
the amount of water entering the stope is closer to 0.2 m3 of water per ton of rock mined. 
 
Fissure Water 
The amount of fissure water entering the stope environment varies from mine to mine. Water may 
enter the stope at a single point or over a number of areas. Fissure water enters the stope by 
percolating through natural joints or may be intersected in drill-holes. In general, fissure water’s 
contribution to the total amount of water entering a stope is minimal. In extreme cases, where large 
quantities of water are encountered, water raises or pipes are used to collect and handle the water 
separately. 
 
Spot Coolers and Potable Water 
Underground spot coolers are situated in haulages away from the stope horizon. In-stope water plants 
are occasionally used in deep hot mines. In deeper and workings with high ambient temperatures, 
chilled service water is often allowed to run on the stope floor throughout the duration of the shift, 
thus acting as a very inefficient and expensive type of spot cooler. 
 
Potable water is piped underground separately from mine service water. Normally, potable water is 
not delivered into the stope but to the crosscut. Any wasted water should enter the drainage system 
where it is collected in a sump and pumped out of the mine. 
 
In-Stope Water Demand 
Total water demand in the stope environment is a function of the mining method employed, cycle 
times, choice of equipment, and control systems. As a means to estimate in-stope water consumption, 
the sequential grid mining layout was evaluated based on the panel inputs as indicated in Table I. The 
water consumption data listed in Table II (based on in-stope observations and measurements) 
indicates that 2.4 m3 of water per ton of rock mined is typical for drill and blast mining and could be 
applied to most South African narrow-reef mining layouts.  
 
Table I. Typical stope panel inputs. 
 
Description Unit 
Panel length 35 m 
Face width 1.5 m 
Face advance per blast 0.8 m 
Fissure Water 0.2 t per ton rock mined 
Backfill Yes 
Mining sequence 1:2 (blast every second day) 
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Table II. Mining activities and associated water consumption. 
 
Description Unit 
Drilling 0.7 l/s per drill 
Blasting N/A 
Cleaning 3.2 l/s per water jet gun 
Backfill 1.2 l/s run-off during placement 
Support 0.2 l/s 
 
 
Figure 2 presents actual service water demand figures from a number of South African mines. 
Although theoretically the quantity of water used in underground mining should not exceed 2.4 m3/t 
mined there are several operations where service water consumption is more than twice the estimated 
figure. Observations indicate that for substantial periods (>12 hours) of the mining day, water run-off 
into the crosscut can exceed 25 l/s (Figure 3). 
 
Figure 2. Service water demand for a number of South African mines. 
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Figure 3. Water from stope being discharged out of orepass. 
 
 
THE IMPACT OF WATER USED IN THE STOPE 
 
Water use in stoping can influence both safety and productivity. If mismanaged, water can create a 
significant risk in terms of mudrushes; however, it can also be of use to assist in face cleaning.  Table 
III shows examples of the some of the impacts that water can have on stope productivity. 
 
Table III. Impact of water on stope productivity. 
 
Consequence Impact 
Mudrush Interruptions to production, damage of equipment, risk to life 
Blocked drains Diverts resources to unblock drains, risk to life 
Gold losses Gold losses caused by water carrying away gold and/or transport to rock 
fractures 
Heat buildup Raises relative humidity thereby reducing productivity 
Mud/fines buildup Potential gold loss, diverts resources to clean up, undermines ballast, 
increases train derailments, equipment damage, and injury 
Electricity demand Pumping costs and increased electricity demand 
 
Probably one of the biggest concerns regarding water use in the stoping environment is the potential 
loss of gold. Since the 1980s, when water jets were introduced to the stoping environment, mining 
personnel have expressed concerns about the possibility of gold losses arising from the use of high-
pressure water jets. Three studies over the past 30 years have indicated that gold losses are 
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insignificant. Although undocumented, many mines indicated a reluctance to use water jet cleaning 
when extracting carbonaceous reefs. 
 
 
STRATEGY TO MANAGE IN-STOPE WATER USUAGE 
 
The use of water is critical in the mining cycle and therefore water will always remain a component of 
mining. As water gravitates down dip, the same direction as the broken ore, water and ore will 
continue to mix at every stage of mining. Water used in the stoping process will follow the same path 
as the ore from the stope, which is via the stope boxhole. Consequently, the potential for mudrushes, 
mud-induced derailments, blocked drains, and potential gold losses will continue unless practical 
methods to overcome the drawbacks are found. 
 
The first objective is therefore to minimize the amount of water used in the stoping process. The 
second step would be to minimize the volume of water entering the stope boxhole, either by diverting 
the water (Figure 4) or by separating the water from the ore. Figure 4 illustrates a water collection 
point equipped with a screen on the down-dip side of the gully. 
 
 
Figure 4. In-stope water collection point. 
 
One of the methods employed to separate the water from the ore is to offset the orepass from the dip 
gully (Figure 5). The tip is connected to the dip gully via a diagonal slusher gully that is mined on 
minor dip. The diagonal gully is between 5–7 m long and extends beyond the dip gully, providing an 
overrun for the scraper and a collection point for the water entering the slusher from the dip gully.  
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Figure 5. Up-dip scraper layout with offset boxhole. 
 
Offset orepasses are ideal for the introduction of automated scraping (Figure 6). Although work has 
been conducted on this since the 1980s, automated scraping has yet to be widely applied. The 
following information is based on work conducted by Dr. V.A. Kononov and R. Lishman as reported 
in the FutureMine report - In-Stope Cleaning (Rupprecht et. al., 2002).  
 
The driver’s position is below W1. If the driver’s view of the up-dip winch is obstructed, a small 
surveillance camera can be mounted above and behind the up-dip winch, looking down the gully to 
the pile of ore in the centre gully. The signal from this camera would be connected to a small screen 
mounted on or adjacent to the driver’s centre gully winch console, allowing the driver to oversee the 
up-dip winch operation. As seen in the diagram, a level sensing mechanism is required for sensing of 
the height of the ore pile in the centre gully. This would give an indication of whether ore exists to be 
scraped, enabling the up-dip scraper to operate only when sufficient material is available for scraping. 
 
Another level sensing device is required to monitor the buildup of ore over the orepass grizzly. If such 
a buildup occurs, operation should cease so that the buildup can be cleared. (Past automated winch 
systems have failed because the scraper continues to build up a pile of rock over the grizzly, requiring 
hours, or in some extreme cases days, to clear.) This sensor can also be used to determine when the 
scraper is located over the tip, thus prevent overruns of the scraper winch.  
 
A rotary, or other angular encoder, would be used to monitor the incoming drum angle relative to the 
frame and therefore, the number of revolutions of the drum, allowing one to calculate the position of 
the scraper. A sensor would be applied that would monitor the position of the incoming scraper rope 
relative to the drum. The signal from this sensor would then be used to indicate an incorrect spooling 
of the rope on the drum. Scraper rope tension could be determined by measuring the current supplied 
to the winch. This would provide a rough indication of the load carried by the scraper, allowing the 
detection of sticking conditions. 
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The signals from each of these sensors (ore pile level sensor, tip level sensor, angular drum sensor, 
current sensor, and spooling sensors) will be input to a processing unit. Inside this unit, a 
microprocessor would monitor these inputs and decide on an appropriate controlling action. The 
controlling action would be to select which drum (forward or reverse) to rotate, i.e. the scraper 
direction. Once operation has commenced, the scraper, which is assumed to be lying anywhere along 
its pull length, will be pulled toward the tip. Once the scraper has interrupted the tip level sensor, the 
direction will be reversed, and the microprocessor will monitor the angle and revolutions of the drum. 
Once the drum has been rotated a predetermined number of times, corresponding to the full pull 
distance of the scraper, the direction will be reversed and the scraper will pull its load back to the tip. 
 
 
 
Figure 6. Remote-controlled scraping. 
 
Figure 7 depicts an up-dip scraping layout whereby the broken ore is scraped up dip to the orepass, 
allowing water to drain to the sump lower down the raise. A modification to the up-dip scraper layout 
is the use of a slusher gully beneath the raise (Figure 8). In this layout, ore is scraped down the centre 
gully in the normal way and falls into the slusher through short boxholes. Ore and water separation is 
achieved by scraping the ore up dip in the slusher to the stope boxhole, allowing the water to drain 
down dip and out of the slusher. The water is then collected at the sump and transported via a 
drainpipe situated in the travelling way.  
 
The use of up-dip scraping is ideal for continuous or automated scraping. The continuous scraper was 
introduced in the late 20th century as a double chain system and then later reintroduced as a single 
chain system. The continuous scraper was trialled in the early 2000s but was found to be costly to 
operate, and difficult and time-consuming to install. The continuous scraper is a good idea, but further 
research is required to address its shortcomings. However, when successfully installed it separates 
water from the ore and should be seen as one of the best methods to resolve the industry’s in-stope 
water management problems. 
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Figure 7. Up-dip scraper layout – direct pull into boxhole. 
 
 
 
 
 
 
 
Figure 8. Gully slusher beneath raise. 
 
 
CROSSCUT WATER MANAGEMENT  
 
The ideal solution to water management is proper control of the water generated in the stope and 
keeping water out of the boxhole. However, failure to achieve this means that a second strategy is 
required. In recent years much work has been conducted in the designing of boxfronts suitable for 
withstanding a 30 m head of slurry. Designs also include automated remote door operation, layouts 
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that minimize the throat area of the orepass, and the inclusion of water drains to allow excess water to 
drain. 
 
Rather than allow water entering the crosscut to simply flow in an open drain, it has become common 
practice to collect water in a sump. Usually the sump is situated either as close as reasonably possible 
to the longest orepass or near the crosscut/haulage intersection. The water from the sump is then 
transferred to a drain column utilizing a vertical spindle pump (Figure 9) and then to a main drain 
column, from where it is transferred to the shaft. 
 
 
 
Figure 9. Spindle pump operating in crosscut. 
 
The ideal solution would be the complete removal of water from the crosscut; however, this is 
impractical. Some water will report to the crosscut either via the boxfronts or via drain columns from 
the stope itself. Thus a good crosscut pumping system is required. The design must provide for 
backup equipment should a pump fail, and also enable easy installation and maintenance, including 
mud removal from the sumps. In terms of the crosscut itself, the loading area should be transformed 
into a 21st century work area with proper visibility and working conditions (i.e. low noise and a 
comfortable working environment). Mechanical means should be used to remove any mud and/or 
water reporting to the footwall of the loading area. The above proposed scenario should be fairly easy 
to implement, requiring a minimal amount of time and money to design. The implementation, of 
course, is always much more difficult and requires adequate planning for the installation of the 
loading area system and a genuine desire to change the loading area from its current state to a modern 
mining state.  
 
 
CONCLUSION AND RECOMMENDATIONS 
 
A review of South African gold and platinum mines indicates that management and control of water 
is substandard. Water consumption in stopes is well above the standing industry rule of thumb of 2.4 
m3 per ton mined, and the risk of mudrushes remains high. Mines have designed better boxfronts and 
controls but have yet to really address the main issue, which is the proper management and control of 
water in the stope, particularly before it is allowed to enter a boxhole.  
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The following areas require further innovation or technical input to either reduce or eliminate the 
negative effects arising from the misuse of water in the stope environment. 
 
• Monitoring and reporting of service water usage in individual stopes linked to daily 
management reports so that the actual quantity of water entering a stope can be compared to 
the planned figures. Automated valves could be installed in the crosscut to ensure that the 
main water supply is closed at the end of the shift and only re-opened at the start of the night 
shift.  
• Layout designs aimed at removing water from the ore should be investigated. The use of 
offset orepasses with automated scrapers is one such method. The development of the 
continuous scraper combined with a single main orepass should be reinvestigated and the 
problems with the installation and use of the continuous scraper engineered out  
• The issue of gold loss and water jets must be resolved and production personnel properly 
informed of the outcome. Waterjet-assist scraper cleaning utilizes less water that an open hose 
or air/water cleaning system. 
• The management of backfill is critical. Reducing the plug of backfill flushing water and dump 
flushing water into crosscut drain/sump system is a partial solution; however, further 
investigations should be conducted to explore water removal before placement, i.e. a paste fill 
application  
• Investigations into water capture and pumping in the crosscut. Vertical spindle pumps are a 
starting point, but the implementation and maintenance of this system is cumbersome and 
often leads to failure  
• The design and maintenance of the loading box area requires novel ideas to remove mud and 
water from this area 
• Establish technology to identify large volumes of water or slimes accumulated in rockpasses 
and design a methodology to drain the stope of water in the event of a hangup 
• Development of a method to monitor water exiting a boxhole, which could warn mine 
personnel in the event of excessive water accumulation. 
 
What are the key spin-offs from a minimizing water usage? Probably the biggest impact of managing 
water is the cost saving from not having to pump water to surface. Second in importance is the 
reduction in risk from mud-rushes and derailments caused by excessive water in the rockpass system 
and in the crosscut. 
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